Autonomic nervous system arousal should theoretically increase during a phobic reaction. Eleven spider phobics and 11 nonspider phobics viewed spider, seascape, and surgical slides while several physiological responses were continuously recorded. Results indicated that spider phobics showed significantly faster heart rate, greater heart rate variability, and vasoconstriction during spider slide presentations as compared to nonspider phobics. Spider phobics also showed more frequent phasic skin responses but not larger skin response amplitudes to spider slides. Respiration rate and respiration amplitude were not significantly different for the two groups. It appears that while a general autonomic nervous system arousal occurs during a spider phobic reaction, the demand characteristics of the phobic situation may greatly influence which physiological responses are most affected.
A phobia is an unrealistic and disproportionate fear of objects and/or events (Buss, 1966) . In the case of spider phobia, the irrational fear reaction is directed to spider-related stimuli. As a fear response, a phobic reaction should be associated with an increase in autonomic nervous system arousal (Wolpe, 1969) . Lang (1971) has recently pointed out that the treatment of any maladaptive emotional response (spider phobia included) may be facilitated by specifying the relevant autonomic components of that response. Such specification would theoretically allow the therapist to work directly with the relevant autonomic changes associated with fear or anxiety.
The purpose of the present study was to identify how various autonomic nervous system responses are influenced when spider phobics view anxiety-provoking stimuli as compared to stimuli which have pleasant or unpleasant characteristics. Two specific predictions were made concerning cardiovascular changes. Studies on the classical condi-1 A synopsis of this paper was presented to the 19th Annual Meeting of the Southwestern Psychological Association, April 20-22, 1972 at Oklahoma City, Oklahoma.
2 Requests for reprints should be sent to George P. Prigatano, Department of Psychiatry and Behavioral Sciences, University of Oklahoma Health Science Center, P.O. Box 26901, Oklahoma City, Oklahoma 73190.
tioning of the human heart rate response suggest that a conditioned aversive stimulus can increase the biphasic nature of the heart rate response (see Zeaman & Smith, 1965) . If pictures of spiders are aversive conditioned stimuli for spider phobics, spider phobics should show a greater biphasic heart rate response (or increase in heart rate variability) to viewing spider pictures as compared to subjects who view the same pictures and are not afraid of spiders. Also, if it is the anxietyprovoking quality of the stimulus which is responsible for this increase in heart rate variability, then spider phobics should show a greater biphasic heart rate response to viewing spider pictures (anxiety-provoking stimuli) as compared to viewing seascape pictures (pleasant stimuli) or surgical pictures (unpleasant stimuli).
METHOD Subjects
One hundred and twenty-two female undergraduates at Bowling Green State University were screened before 22 individuals were chosen to serve as subjects. Eleven of the subjects were classified as spider phobics, and 11 were classified as nonspider phobics. Spider phobics rated their fear of spiders as "very much" or "terror" on the Fear Survey Schedule. They also scored 17 or more on Lang's Spider Questionnaire. And, as will be described below, they failed to step within five feet of a live, caged tarantula spider. The nonspider phobics rated their fear of spiders as "none" or 169 "very little" on the Fear Survey Schedule. They scored 4 or less on the Spider Questionnaire. Also, they at least stood next to a live, caged tarantula spider.
Procedure
All subjects were informed about the purpose of the study prior to serving as subjects. After they completed the Fear Survey Schedule and the Spider Questionnaire, they were administered the behavioral avoidance test. The subject was told that in a nearby room there was a live tarantula spider which was in a glass cage. The subject was asked to accompany the experimenter into the room. It was made clear that this was purely optional and if the subject declined the test was terminated. If she hesitated, the experimenter repeated the request only once. If the subject agreed, the experimenter took her into the test room and had her stand in the doorway as he walked to the end of the room where the glass cage containing a tarantula spider was covered. The experimenter then asked the subject to approach the spider in a series of steps. If the subject did not want to meet any particular request, the test was terminated at that point. The following requests were made: Would you mind if I removed the covering? Would you come as close as you can to the cage (distance in feet recorded) ? Would you walk to the cage (if the subject did not do so in the preceding request) ? Would you look at the spider in the cage? Would you put your hand on the front side of the cage? Would you unlock the cage lock and remove it? Would you put on these gloves and slide the cage lid back? Would you put your gloved hand in the cage? All subjects classified as spider phobics got no further on this test than stepping up to five feet to the caged tarantula spider. All subjects classified as nonspider phobics stood at least within inches of the live caged tarantula spider and in many cases completed the entire test.
Once the subjects were classified and entered the experimental situation, each subject was placed in an electrically shielded room and seated on a reclinable stuffed chair. Electrodes were attached and each subject sat quietly for a 10-minute adaptation period prior to the onset of the experiment. Each subject was then presented 24 color slides in random order which consisted of 8 spider, 8 seascape, and 8 surgical pictures. The slides were projected onto a large white screen using a Sawyer slide projector. Each slide was shown for 10 seconds with an intertrial interval between IS and 45 seconds.
Electrocardiogram (EKG), skin resistance from the palm, finger blood volume, and respiration were recorded using a Grass Model-7D polygraph. EKG was recorded in a Standard Lead II position with silver-plated electrodes and electrolyte-impregnated pads. Skin conductance was recorded indirectly by measuring skin resistance exosomatically using a 50-microampere current. Beckman biopotential silversilver-chloride electrodes were attached to each subject's right palm to obtain electrodermal recordings. Respiration changes were recorded using a straingauge transducer belt which was placed around 'the subject's chest. Finger blood volume was recorded by placing the subject's left index finger over a photoelectric cell to indirectly record the shifts in pulse volume in the finger tip.
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The physiological responses which were measured during each 10-second slide presentation were: heart rate standard deviation, heart rate range, heart rate mean, frequency of phasic skin responses, that is, galvanic skin responses (GSRs), GSR amplitude, percentage of change in finger blood volume, respiration rate, and respiration amplitude.
Heart rate standard deviation was calculated from all beat-to-beat rate changes during each slide presentation. Heart rate range was obtained by subtracting the slowest interheart beat interval (heart beat score) from the fastest interheart beat interval during each slide presentation. Frequency of phasic skin responses were obtained by simply counting each phasic decrease in skin resistance (of at least 300 ohms) during each slide presentation. GSR amplitude (in micromhos) was obtained by subtracting the reciprocal of the lowest skin resistance value from the reciprocal of the highest skin resistance value during each slide presentation. Since the lowest skin resistance value was typically the initial skin resistance value, this procedure reflected GSR amplitude as well as GSR range. Percentage change in finger blood volume was obtained by averaging the three single pulse volume deflections (in millimeters) prior to slide presentation and then dividing this score into the smallest single pulse volume deflection during each slide presentation. Respiration rate was scored by counting the number of inspiration-expiration cycles during each 10-second slide presentation and multiplying this score by a constant of six to obtain the respiration rate per minute. Respiration amplitude was scored by measuring the largest inspiration cycle (in millimeters) during each slide presentation.
RESULTS
Each of the physiological response scores was submitted to a 2 X 3 split-plot analysis of variance (Kirk, 1968) . This analysis involved one between subjects variable (i.e., spider phobics versus nonspider phobics) and one within subjects variable (i.e., seascape versus spider versus surgical slides). When an interaction effect was obtained, an analysis of simple main effects was then performed to shed more light on the nature of the observed effect. Means and standard devi- ations for each response score are listed in Table 1 . Spider phobics showed greater heart rate variability than nonspider phobics throughout the experiment (for heart rate standard deviation scores, F = 4.38, df -1/20, p < .05; for heart rate range scores, F = 4.69, df -1/20, p < .05). Also, a significant interaction effect was observed (heart rate range scores, F -3.35, df = 2/40, p < .05; heart rate standard deviation scores showed the same trend, F = 3.14, df = 2/40, p < .10). Figure 1 illustrates how spider phobics and nonspider phobics differed in their cardiac variability to spider, surgical, and seascape slides. 4 An analysis of simple main effects revealed that spider phobics showed greater heart rate variability to spider slides than did nonspider phobics (for heart rate standard deviation scores, F = 8.24, df = 1/60, p < .01; for heart rate range scores, F -9.04, df=l/60, p<.0l). The first prediction, therefore, was supported. It was also observed that spider phobics reacted differently to the three types of slides shown (for heart rate standard deviation scores F = 7.54, df = 2/40, p < .01; for heart rate range scores, F = 7.29, df = 2/40, p < .01). Inspection of Figure 1 reveals that spider phobics showed the greatest heart rate Variability to spider slides as compared to seascape and surgical slides. The second prediction was therefore, also supported.
A 2 X 3 analysis of variance on mean heart rate scores revealed no significant main effect but showed a significant interaction effect. That is, while spider phobics and nonspider phobics did not differ in their overall heart rate reaction (F = .015, df = 1/20, ns), they did react differently to the slides shown (F =6.51, df= 2/40, p < .01). As Figure  2 illustrates, spider phobics showed a small, but significant increase in mean heart rate when spider slides were presented. Nonspider phobics did not show this reaction. A 2 X 3 analysis of variance on respiration rate scores revealed no significant differences on between (F -1.65, df = 1/20, ns), within (F = .399, df = 2/40, ns), or interaction comparisons (F = .026, df = 2/40, ns). A trend toward an interaction effect was found, however, for respiration amplitude scores (F = 3.08, df = 2/40, p < .10). Spider phobics showed greater increase in respiration amplitude when spider slides were presented than when seascape and surgical slides were shown. Yet, spider phobics showed no deeper breathing during spider slides presentations than did nonspider phobics (F .
003, df= 1/60, ns).
A 2 X 3 analysis of variance on the frequency of GSRs demonstrated significant between (F = 9.49, df -1/20, p < .01) and within effects (F = S.S2, df = 2/40, p < .01). A trend toward an interaction effect (F -2.60, df = 2/40, p < .10) was also observed. Spider phobics showed significantly more frequent GSRs to spider (F -42.02, df = 1/60, p < .01) and surgical slides (F = 6.91, d/=l/60, p < .05) than nonspider phobics. Spider phobics also showed significantly more frequent GSRs to spider and surgical slides than seascape slides as Figure  3 illustrates.
A 2 X 3 analysis of variance on GSR amplitude scores revealed a trend toward a main effect (F = 3.77, df = 1/20, p < .10) but no significant interaction effect (F = .5333, df = 2/40, ns). Spider phobics and nonspider phobics did not significantly differ on spider slides (F -3.07, df = 1/60, ns), but these two groups of subjects did differ significantly on surgical slides (F = 3.75, df-1/60, p<.05) . Figure 4 illustrates these findings.
A 2 X 3 analysis of variance on finger blood volume scores demonstrated a trend toward a main effect (F = 3.42, df = 1/20, p < .10) and a significant interaction effect (F = 3.28, dj = 2/40, p < .05). Spider phobics showed significantly more vasoconstriction when spider slides were shown than nonspider phobics (F -7.88, dj = 1/60, p < .01). While nonspider phobics showed no significant differences in vasoconstriction to the three types of slides shown (F = 9.51, df = 2/40, ns), spider phobics increased their vasoconstriction to spider slides as compared to surgical and seascape pictures (F = 4.47, df=2/40, p<.05) . These differences are illustrated by Figure 5 .
DISCUSSION
There was a striking similarity in the pattern of physiological reactivity, across the various autonomic nervous system responses, for spider phobics. When spider pictures were shown, an increase in autonomic nervous system arousal tended to occur for spider phobics, but not for nonspider phobics. Given the present experimental conditions, however, certain autonomic nervous system responses appear to be more sensitive to the phobic stimuli than other responses.
Heart rate variability, for example, was influenced more by the experimental conditions than mean heart rate. Spider phobics showed significantly greater heart rate variability over the entire experiment as well as when spider slides were shown. This was not true for mean heart rate which increased only during spider slide presentations. If it can be assumed that the entire experiment was anxiety provoking for spider phobics (since they did not know when they would see a spider picture), then perhaps heart rate variability is a more sensitive cardiovascular response in a short-term fear situation than mean heart rate. Unfortunately, other studies have not reported how mean heart rate and heart rate variability differ in a phobic or short-term fear situation (e.g., Hodges & Spielberger, 1966; Lang, MeLamed, & Hart, 1970; Smith & Wenger, 1965) . It has been reported, however, that mean heart rate does not always increase when imagining phobic stimuli (Van Egeren, Feather, & Hein, 1971) and that a decrease in overt phobic behavior is not necessarily associated with a decrease in mean heart rate (Leitenberg, Agras, Butz, & Wincze, 1971) . Moreover, studies on cardiac reactivity during experimentally induced anxiety illustrate how misleading mean heart rate information can be (see Epstein, 1971; Zeaman & Smith, 1965) and argue that both heart rate acceleration and deceleration occur during the presentation of an unexpected, short-term aversive stimulus (Epstein, 1971) . These findings suggest that heart rate variability may be a very important cardiac response in a phobic situation. Since it is related to changes in the rate and depth of breathing (Sroufe, 1971) and body movement (Obrist, Webb, Sutterer, & Howard, 1970) , it is probably a general autonomic nervous system change associated with a fear reaction. Turning to electrodermal changes, it is interesting to note that the frequency but not the magnitude of GSRs significantly increased during a spider phobic reaction (i.e., when spider phobics viewed spider pictures). This finding has not been previously reported (Geer, 1966; Van Egeren et al., 1971; Wilson, 1967) and highlights the importance of how experimental procedures influence various physiological responses. For example, Geer (1966) showed spider phobics only two spider pictures and one snake picture, out of a total of 10 animal pictures. He found greater GSR magnitude changes to the spider pictures by spider phobics as compared to nonspider phobics. His subjects did not show greater GSR magnitudes to the snake picture. He concluded that GSR magnitude increased to phobic stimuli but not to unpleasant stimuli.
In the present study, spider phobics viewed 24 pictures, 8 of which were spider slides. By looking at more spider pictures over an extended period of time (30 minutes), habituation of GSR magnitude occurred (see Prigatano, 1972) . As a result, the average GSR magnitude for the 8 spider slides was not significantly different between the spider phobics and nonspider phobics. Also, the unpleasant stimuli used in the present study (i.e., "blood and guts" surgical slides) were probably more unpleasant than Geer's snake picture. Therefore, in the present study, GSR magnitude did increase in the presence of unpleasant stimuli, while it did not do so in Geer's (1966) study. These findings suggest that changes in GSR magnitude may not be a very important component of a spider (or other animal) phobic or fear reaction and may reflect simply the intensity demension of any stimulus (Woodworth & Schlosberg, 1954) rather than its anxiety-provoking qualities. A recent study by Shapiro, Schwartz, Shnidman, Nelson, and Silverman (1971) would seem to support this conclusion. Twenty female snake phobics were operantly conditioned to diminish GSR magnitude to snake pictures. While subjects accomplished this task of controlling fear related electrodermal responses, there was no significant correlation between reduced GSRs to snake pictures and reduction of fear of snakes (as measured by a fear questionnaire). Paul and Trimble (1970) have also pointed out the limitations of GSR measurements in assessing the effects of systematic desensitization in treating phobias. Consistent with other findings (e.g., Van Egeren et al., 1971) , digital vasoconstriction was found to significantly increase during a spider phobic reaction. Like heart rate variability, this response may be a very important autonomic nervous system change associated with short-term fear situations. Assuming that fear encourages a "fight" reaction, vasoconstriction in the finger tips along with increased blood flow in the arms may consistently occur across different experimentally induced phobic conditions. Future work should evaluate this possibility.
Finally, the failure to find significant alterations in respiration rate and amplitude suggests that either these responses are not sensitive to short-term fear (against which there is evidence- Ax, 1953) or that the present experimental situation interfered with such changes. In the present study, subjects were asked to sit still on a reclinable stuffed chair while viewing spider pictures. If subjects were asked to move away from the pictures or verbally describe them, significant breathing changes may have been recorded. Clearly the motoric, cognitive, and verbal requirements of any stressful task will greatly influence which physiological changes will take place (see Johnson & Campos, 1967) .
Taken together, the present findings suggest that a general autonomic nervous system arousal tends to occur during a spider phobic reaction. The demand characteristics of the experiment (i.e., motor, cognitive, and verbal requirements), however seem to determine which autonomic nervous system responses are most affected by the phobic stimuli. This finding should be considered when attempting to directly control autonomic nervous system responses associated with a phobic reaction (Prigatano & Johnson, 1972) .
